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Background: It is well established that protein is an important macronutrient required by 
the body to support a variety of biological functions. In particular, adequate protein intakes 
play a significant role in pubertal growth. However, recent data on protein intake and its 
food sources is scarce and in New Zealand is limited to a national survey that was 
conducted more than a decade ago. 
Objective: This thesis aims to investigate protein intake, determine the dietary sources 
of protein, as well as evaluating the adequacy of protein intake among New Zealand male 
adolescents. 
Design: The Survey of Nutrition Dietary Assessment and Lifestyle (SuNDiAL) project is 
a cross-sectional study involving 135 male adolescents aged 15-17 years from six high 
schools across New Zealand. Participants completed a self-administered online 
questionnaire on demographics and dietary habits. An interviewer assisted 24-hour 
dietary recall (24-HDR) was carried out during in-school visits, where anthropometric 
measurements were also taken. Body mass index (BMI) z-scores were calculated to 
assess body weight status. A second 24-HDR was carried out a week later through 
phone/ video call to account for intra-individual variation. FoodWorks software (FOODfiles 
2016- Version 01) was used for nutrient analysis and the multiple source method was 
applied to adjust data for mean intake. Prevalence of inadequate protein intakes were 
determined by calculating the percentage of participants with intakes below the estimated 
average protein requirement of 49 g/d and 0.76 g/kg/d as per National Health and Medical 
Research Council recommendations.  
Results: Mean protein intake was 110 g/d (95%CI 104, 115); 1.63 g/kg/d (95%CI 1.54, 
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1.72). All participants had intakes that met the Estimated Average Requirement (EAR) of 
0.76 g/kg/d recommended by the National Health and Medical Council. Participants with 
a healthy weight had significantly higher protein intakes of 1.73 g/kg/d (95%CI 1.63, 1.84) 
compared to obese participants 1.11 g/kg/d (95%CI 0.88, 1.34); however, only 3 
respondents were obese. The average protein contribution to total energy (TE) was 
18.6%. The majority of participants (86.7%) had intakes within the Acceptable 
Macronutrient Distribution Range of 15-25%, with 13.7% below the range and 1% 
exceeding the range. The five main protein food sources were poultry (16.4%), grains and 
pasta (11.3%), milk (8.3%), bread (8.2%) and bread-based dishes (7.4%). Based on the 
dietary habits questionnaire, one-fifth of participants (22.1%) reported consuming sports 
supplement with 77.7% of those reporting using a supplement containing whey protein. 
Conclusion: These findings suggest that protein intake is adequate among 15-17 year 
old New Zealand male adolescents. Further research using a larger, more representative 





This present study was carried out by Jia Min Yap (candidate) as a part of the Survey of 
Nutrition, Dietary Assessment and Lifestyles (SuNDiAL) project, a nationwide survey from 
the Department of Human Nutrition at the University of Otago. 
This thesis focuses on investigating protein intake among New Zealand male adolescents 
to help provide valuable information on the nutritional status for clinical practice, public 
health interventions and policy makers in New Zealand. 
The overall concept, study design, protocol, and ethical approval was developed by Dr. 
Jill Hazard (primary) and Dr. Meredith Peddie (primary) from the Department of Human 
Nutrition. Liz Fleming from the Department of Human Nutrition acted as the advisor on 
this project and provided supervision on the use of FoodWorks. 
The candidate had primary responsibility for conducting the literature review, interpreting 
the statistical analyses and writing the content of this thesis under the supervision of Dr 
Rachel Brown. The candidate also contributed to data collection for the SuNDiAL project 
with other Master of Dietetics students in Dunedin as follow: 
 Preparing the study information packs before recruiting at schools (Powerpoint 
presentation, sign-up sheets and participant information sheet regarding the study) 
 Organizing dates with schools for study presentation and data collection. 
 
 Assisting in recruiting participants for SuNDiAL project in schools. 
 
 Scheduling participants for data collection through phone and emails. 
 
 Set up equipment such as weighing scales, stadiometer, measuring tape for 
anthropometry measurements; 24-hr dietary recall sheets and 24-hr activity 
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pattern recall sheets, accelerometers, urine sample collection kit and test tubes for 
blood sample collection. 
 Collecting anthropometry measurements, conducting dietary recalls and activity 
pattern recalls from participants. 
 Distributing and recollecting accelerometers from participants in schools. 
 
 Liaise with phlebotomist and facilitate blood and urine sample collection. 
 
 Entering data from dietary recalls from participants in Dunedin, Christchurch, 
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Adolescence is a period of rapid growth and development which leads to increased nutrient 
demand (1). Protein has varied roles within the body, ranging from structural components, 
enzymes, transport carriers, and hormones to precursors of other important molecules (2). 
It is important for skeletal muscle development; keratin in hair and finger nails; and collagen 
in skin, tendons, ligaments, teeth and bones (3). Therefore, adequate protein during this 
period is essential to support pubertal growth, skeletal development, and muscle mass 
maintenance (4–6). 
There are twenty types of amino acids, some of which can be synthesised from the body 
(dispensable amino acid), while some can only be obtained from diet (indispensable amino 
acid) (7). Plant protein is often referred as incomplete protein as they tend to have limited 
amounts of one or more of the indispensable amino acids (8). In contrast, animal protein 
has all nine indispensable amino acids and thus, known as complete protein (8).  
Based on the previous nationwide surveys conducted in New Zealand (NZ), the mean 
protein intake among adolescents have been consistent throughout the past two decades, 
110g/d (National Nutrition Survey 1997) and 108g/d (New Zealand Adult Nutrition Survey 
2008/09) (9,10). During that period, there is an upward consumption trend in plant protein 
compared to animal protein (9,10). This is usually not concerning, considering that a mixed 
diet could easily compensate the lacking amino acids within individual food sources (2,11).  
However, research on dietary protein intake and its respective main contributing sources in 
the New Zealand population are limited and outdated. It is necessary to monitor protein 
intake and its dietary sources among adolescents to identify protein status and dietary 
trends. Therefore, this thesis aims to assess protein intake and its major sources among 
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NZ male adolescents. This will provide health professionals an overview of male 
adolescent protein status and dietary trends. Additionally, these results will inform NZ 
public health initiatives and policy makers. 
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2. Literature Review 
 
2.1 Literature search methods 
 
An electronic bibliographic search was conducted on databases including ScienceDirect, 
Scopus and Google Scholar (see Figure 1). A focus was on studies that presented data 
on protein intake and dietary sources among healthy adolescents. 
Terms used to identify studies on: 
Protein intake and dietary sources: 
1. Dietary protein OR amino acid OR protein 
2. Adolescen* OR teen OR youth 
3. Male OR boy OR m?n 
4. Australia OR New Zealand OR Europe* OR America* developed countr* 
5. Food source* OR dietary source* OR food group* OR contributing food 
6. Intake OR mean amount OR average consump* OR usual intake 
(1) AND (2) AND (3) AND (4) AND (5) OR (6) 
Structure and role of protein in health: 
7. Digestion OR utilization OR absorption OR body OR metabolic 
8. Human OR m?n OR w?men 
(1) AND (7) AND (8) 
Dietary protein quality: 
9. Essential amino acid OR indispensable amino acid 
10. Plant protein OR plant-based diet 
(1) AND (4) AND (9) OR (10) 
Dietary methods: 
11. Dietary data OR dietary method OR food dia* 
12. 24 hour recall* OR recall method 
13. food frequency questionnaire* AND weighed food record 
(2) AND (3) AND (11) AND (12) OR (13) 
Nutrient reference values: 
14. Nutrient reference value OR dietary reference intake/ value 
15. Recommended intake OR estimated requirement OR upper limit 
(1) AND (2) AND (3) AND (4) AND (14) OR (15) 
 
Figure 1 Key terms used for study search 
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2.2 Introduction to protein 
 
Proteins are composed of amino acids joined by peptide bonds (3). These chains of amino 
acid subunits vary within each protein molecule and can range from a few units (di, tri, 
oligopeptide) to thousands of units long (polypeptides) (2). The most unique property of a 
protein molecule is the folding patterns that contribute to the complexity in physical 
structures which are specific to their biological roles (2,3). Proteins have a broad functional 
diversity ranging from enzymes, transport carriers, to hormones (2). They also act as 
precursors of nucleic acid, co-enzymes, vitamins and other important molecules (2). 
Additionally, they exist in fibrous forms such as keratin in hair and fingernails, and collagen 
in skin, tendons, ligaments, teeth and bones (3). 
2.21 Amino acid classification 
 
Amino acids are categorised into indispensable and dispensable, based on the metabolism 
and nutritional characteristics of each. Indispensable amino acids are those that cannot be 
synthesised internally to meet metabolic needs (refer to Table 1) (7). They must, therefore, 
be acquired through dietary intake. In contrast, dispensable amino acids can be 
synthesised by the body (7). Some indispensable amino acids are further categorised into 
conditionally indispensable, as these are able to be produced from other amino acids and 
nitrogenous metabolites in the body (5). Synthesis of conditionally indispensable amino 
acids may be limited by certain pathophysiological conditions (2), such as body metabolic 
stresses from critical illness or surgery (12,13). 
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Table 1 Classification of amino acids in human diet (5) 
 
Indispensable amino acids Conditionally indispensable Dispensable amino acid 
Isoleucine Arginine Aspartic acid 
Leucine Asparagine Alanine 
Lysine Cysteine Glutamic acid 
Methionine Glutamine  
Phenylalanine Glycine  
Threonine Proline  
Tryptophan Tyrosine  
Valine Serine  
 Histidine  
 
2.22 Protein metabolism 
 
Digestion and absorption 
 
After ingestion, proteins are denatured by gastric acid into smaller peptides with the aid of 
the enzyme pepsin (2). Peptides are then hydrolysed in the small intestine by pancreatic 
enzymes such as trypsin, chymotrypsins, elastase, and carboxypeptidases (2). The end 
products of digestion are free amino acids and small peptides where these are actively 
transported into intestinal mucosal cells (2, 14). Here the peptides undergo further 
hydrolysis so that free amino acids can be secreted into the portal blood system for 
transport to the liver (2). Any remaining amino acids travel into the systemic circulation to 
be utilised by peripheral tissues (2). 
Homeostasis 
 
Dietary protein contributes to the nitrogen source of the body and is distributed among 
skeletal muscle (43%), blood (16%), and skin (15%) (5). Body protein accounts for 
approximately 16% of body weight in total (5). Although most of the amino acids are found 
in proteins, some exist as free amino acids in all tissues (2). A further 1% of total body 
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protein exist in free form and act as labile amino acid pools (2) which have a significant role 
in synthesising body proteins (12). Free amino acids are also crucial in maintaining the 
dynamic equilibrium state of body protein (5). This occurs through the continual exchange 
between body protein and amino acid pools for degradation and resynthesis (2). The 
process is known as protein turnover and determines overall nitrogen balance (5). Thus, in 
order to maintain nitrogen balance, both synthesis and degradation have to be occurring 
at an equal rate (12). 
Excretion 
 
Kidneys have an important function in maintaining nitrogen equilibrium (5). Excess amino 
acids are excreted in urine in the form of urea (85%), ammonia (5%), creatinine (5%) and 
uric acid (2-5%) (5). Urea excretion rate is directly proportional to dietary protein intake (5). 
For instance, a low dietary protein intake would reduce urea excretion, while higher intakes 
will increase it. 
2.23 Functional roles of protein 
 
Protein is the major functional and structural component of all cells of the body and has 
varied biological functions and properties as shown in Table 2 (3). Of relevance to health 
during adolescence is the development, and maintenance of lean muscle mass (4,5), 
immune function (15), and bone health (4,5). 
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Table 2 Examples of protein functions (15) 
 
Proteins functions Examples 
Enzymatic catalysis Branched-chain ketoacid dehydrogenase 
Transport B-12 binding proteins; ceruloplasmin apolipoproteins 
Messenger/signals Insulin; growth hormone 
Movement Kinesin; actin 
Structure Collagen; elastin 
Storage/sequestration Ferritin; metallothionein 
Immunity Antibodies; tumor necrosis factor (TNF); interleukins 
Growth; differentiation; gene expression Epidermal growth factor (EGF); insulin-like growth factors 
(IGFs); transcription factors 
 
Lean muscle growth 
 
Muscles are stimulated for growth and maintenance through physical activity, anabolic 
hormonal signaling from insulin, growth hormones (16), and substrate supplies (amino 




Protein plays a vital role in the human immune response (15). Antibodies, cytokines, acute- 
phase proteins, components of complement pathways, transcription factors, and enzymes 
are key proteins involved in the immune system (15). Thus, a deficiency in protein will 
compromise the individual’s ability to resist infections or cancerous growths. 
Linear growth 
 
Protein intake is positively associated with bone length growth, as it enhances the 
production of IGF-1 factors that modulate linear and skeletal growth (6). Adequate intake 
of energy, protein, calcium, and vitamin D would exert positive activity on skeletal 
development and bone formation (4–6). 
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2.3 Dietary Protein 
 
Adolescence is a period of rapid growth and development. At this age, sufficient protein is 
required to optimise and maintain muscle mass (17). Moreover, an optimal dietary intake 
of indispensable amino acid is crucial for supporting pubertal growth spurt (18,19) and for 
maintaining an effective immune system (15). 
2.31 Defining protein nutritional quality 
 
The amino acid profile of proteins influences the digestibility and metabolic functions of 
dietary proteins (2). Complete protein consist of all nine indispensable amino acids (8). 
They can be obtained through animal sources such as meat, poultry, fish, eggs, milk and 
milk products (2). In contrast, plant protein tends to be limited in one or more indispensable 
amino acid (11). For example, cereals (wheat) have limited lysine content, legumes are low 
in methionine and cysteine while other plant proteins have low leucine, methionine, lysine 
and tryptophan content (11,24). Therefore, they are referred to as incomplete proteins (8). 
However, this can be counterbalanced by consuming a mixed plant protein diet that contains 
a variety of amino acids, also known as the protein compensation principle (20). This 
means that inadequate protein intake is rare among the Western population (11), even in 
vegetarian1 and vegans2 (21–24), due to the frequent consumption of varied high protein 
plant sources such as cereals, pulses, nuts and soy products (11). Hence, it is very unlikely 
that individuals would have inadequate indispensable amino acid intake from consuming 
incomplete protein, unless they follow a monotonous pattern which avoids all protein-rich 
sources. 
 
1 Vegetarian is defined as those who consume a plant-based diet that excludes animal flesh 
 
2 Vegan is defined as those who consume a plant-based diet that excludes all animal flesh and products 
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2.32 Assessment of dietary protein intake 
 
Common approaches to assessing food intake among groups are weighed food records 
(WFRs), food frequency questionnaires (FFQs), and 24-hour dietary recalls (24-HDRs). 
Table 3 describes each dietary method along with their respective advantages and 
disadvantages. 
Table 3 Methods of dietary assessment (25–27) 
 
Dietary method Description Advantages Disadvantages 
24-hour dietary 
recall (24-HDR) 
Participant to report all 
details of food and 
beverage consumed 
including timing in the 
previous 24 hour 
 Quick and easy to 
administer 
 Low respondent burden 
 Participants do not need 
to be numerate or literate 
 Low administration costs 
 Recall bias 
 Misreporting 
 Poor representation of 
usual intake 





A list of questions on 
food and beverages 
where the participant 
replies by reporting the 
frequency and amounts 
consumed per day, 
month and week 
 Specific details about 
food consumed 
 Low in cost 
 Good representation of 
usual dietary intake 
 Less accurate in 
estimating food 
quantities 
 Can overestimate 
intakes 
 Participants need to be 





Document all weight of 
food and beverage 
consumed over one to 
seven days in grams 
 
 Accurate recording of 




 Substantial subject 
burden 
 Impractical for larger 
sample size 
 Subject to alteration in 
habitual diet 
 Participants need to be 
numerate and literate 
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Weighed Food Record (WFR) 
 
WFR requires weighing and recording all food and beverages at the time it is consumed, 
which gives an accurate representation of usual intake when multiple records are repeated. 
However, it puts a heavy burden on participants (26,28) which can be problematic among 
male adolescents where they have high food intake to meet their growing needs. 
Individuals may also eliminate food and beverages that are hard to measure, causing a 
change in usual dietary intake pattern (26,28). Therefore, a WFR has a high chance of 
underestimating nutrient intake for adolescents (25,27). 
Food Frequency Questionnaire (FFQ) 
 
FFQs on the other hand tend to overestimate nutrient intake (29). This can be contributed 
by a discrepancy in selecting the accurate portion weight and consumption frequency that 
reflects actual consumption (29). Mixed dishes are particularly problematic in FFQs 
because it is difficult to report all ingredients separately and further classify into the list of 
food items. Besides, reporting mixed dishes can also be extra challenging for individuals 
who are not commonly involved in cooking (30). Hence, FFQ may provide dietary data that 
are less accurate (25). 
24- Hour Dietary Recall (24-HDR) 
 
The Multiple-pass, 24-HDR is the most widely used dietary assessment tool (28). This 
technique is also used in nationwide surveys such as the National Health and Nutrition 
Examination Survey (NHANES), National Nutrition and Physical Activity Survey (NNPAS), 
New Zealand Adult Nutrition Survey (NZANS), the Belgium National Food Consumption 
Survey (BNFCS) and Dutch National Food Consumption Survey (DNFCS) (refer to Table 
7). Despite the fact that 24-HDR is prone to errors attributed to memory, conceptualising 
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portion sizes, and social desirable norms (31), it is still the best practice to assess dietary 
protein intake among male adolescents. This is because 24-HDR technique is less 
burdensome on individuals and yields accurate group dietary intake (28,31). To minimise 
measurement errors and improve accuracy the 24-HDR, several factors can be 
considered, including: 
 A Multiple-Pass 24-HDR interview, shown in Table 4. 
 
 A duplicate of 24-HDRs of different days, a week apart, considering weekend days 
proportionally to weekdays, to account for intra-individual variation. 
 Trained interviewers who have consistent interviewing techniques according to the 
Multiple Pass Method. 
Table 4 Multiple pass method of 24-HDR (32) 
 
Passes of recall Description 
First  Build rapport with participant 
 Neutral questions, avoid asking specific meals (eg. Breakfast, Lunch) 
 Generating a quick list of food and drinks (include drinking water) 
consumed during the preceding 24-hour period is obtained 
Second  Go over the list from first pass in chronological order, probing for more 
specific descriptions of all food and drinks consumed, including cooking 
methods, and brand names 
 Ask if any additional items consumed that were forgotten in the first pass 
Third Estimating portion size with: 
 household utensils such as glasses, cups, mugs, bowls, dinner plate, 
measuring spoons, and measuring cups 
 Labelled graph and labelled circumference on paper to estimate linear 
dimensions (length, width) and circumference 
 Graduated portion-size photographs of foods 
 Modeling wood spheres to mimic sizes of food 
Fourth Reviews the recall to ensure all items have been recorded correctly 
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2.33 Assessment of protein intake 
 
Nutrient Reference Values (NRV) are a set of recommendations for nutritional intake based 
on recent scientific evidence (33). Mean protein intake was assessed and compared to the 
appropriate NRV in order to evaluate the proportion of population with inadequate or 
excessive nutrient intake. The following Table 5 defines four NRVs that were considered 
in the study. 
Table 5 Definition of nutrient reference value (33,34) 
 
Nutrient reference value Definition 
Estimated Average 
Requirement (EAR) 
A daily nutrient level estimated to meet the requirements of half (50 per 





The average daily dietary intake level that is sufficient to meet the nutrient 
requirements of nearly all (97–98 per cent) healthy individuals in a 
particular life stage and gender group 
Acceptable Macronutrient 
Distribution Range (AMDR) 
An estimate of the range of intake for each macronutrient for individuals 
(expressed as per cent contribution to energy), which would allow for an 
adequate intake of all the other nutrients whilst maximizing general 
health outcome 
Upper Level of intake (UL) The highest average daily nutrient intake level likely to pose no adverse 
health effects to almost all individuals in the general population. As intake 
  increases above UL, the potential risk of adverse effects increases  
 
 
The Estimated Average Requirement (EAR) is used to estimate the proportion of a 
population with inadequate protein intake. The Australia/New Zealand EAR value for 
protein for adolescent boys is 0.76 grams per kilograms body weight (g/kg/d) or 49 grams 
per day (g/d) (33). The Acceptable Macronutrient Distribution Range (AMDR) for protein is 
15-25% total energy intake (%TE) (33). Protein intake is expected to be adequate when it 
is within the AMDR. However, it is important to acknowledge that AMDR only reflects 
proportion. For example, an individual can have inadequate protein intake due to very low 
total energy consumption and yet meet 15-25% of protein AMDR. Both NRVs have been 
13  
used interchangeably for assessing and comparing the prevalence of inadequate protein 
intake among different countries, shown in Table 6. 
On the other hand, the Recommended Dietary Allowance (RDA) is not appropriate to 
evaluate nutrient intakes of groups as it is expected to meet or exceed the needs of 97-98% 
healthy individuals (34). Thus, interpreting protein intake against RDA will lead to a 
considerable proportion of participants with insufficient protein intake. Not all individuals 
below the RDA are deficient as they can have requirements below RDA (34). There is no 
upper level of intake established for protein due to limited literature assessing the potential 
adverse effects from excess protein intake (2). However, the upper range of AMDR (25% 
TE) is recommended to be used as the upper level of intake in order to complement the 
AMDR for fat and carbohydrate. (2, 33).  












Country Organisation/reference Year of 
publication 
Population1 NRV 
Europe European Food Safety 
Authority (EFSA) (35) 
2012 15-17 EAR: 0.7-0.72g/kg/d 
U.S.A and Canada Institute of Medicine 
(IOM) (2) 
2005 14-18 EAR: 0.73g/kg/d 
AMDR: 10-30%TE 
 
Australia and New 
Zealand 
 








EAR: 0.76g/kg/d; 49g/d 
AMDR: 15-25%TE 
Abbreviations: U.S.A= the United States of America, NRV= Nutrient Reference Values, EAR= Estimated 
Average Requirement, AMDR= Acceptable Macronutrient Distribution Range, g/kg/d= grams per 
kilogram body weight per day, g/d= grams per day, %TE=percentage of total energy 
1 Population includes male only and is presented in years of age. 
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2.4 Dietary protein intakes among male adolescents 
 
Protein intake among New Zealand (NZ) male adolescents have been consistent between 
1997 and 2008/09. Based on the 1997 National Nutrition Survey (NNS) and the 2008/09 
New Zealand Adult Nutrition Survey (NZANS), the average daily protein intake among male 
adolescent was 110g/d, 15%TE; and 108g/d, 16%TE, respectively (9,10). These surveys 
collected dietary data using 24-HDRs, and thus can be compared directly. Both mean 
intakes met the National Health and Medical Research Council (NHMRC) AMDR (15-25% 
TE). There was no evidence of inadequate protein intake among male adolescents, (i.e. 0% 
had intakes below the EAR). However, it should be noted that the latest NZANS 2008/09 
was conducted over a decade ago and the protein consumption among NZ male 
adolescents currently, is unknown. 
Other developed countries 
 
Protein intake among male adolescents from developed countries such as Australia, United 
States of America (U.S.A), United Kingdom (U.K) and other parts of Europe were 
presented in Table 7. Dietary methods differ between studies, and hence it is difficult to 
make direct comparisons. For example, studies used a single 24-HDR (36–38), repeat 24- 
HDRs (39–48), three- to seven-day food records (49–53), or food frequency questionnaire 
(43–45). Despite the variation, Canada (54), U.S.A (55), U.K (56), Denmark (49), France 
(48), Belgium (44) and Ireland (52) had similar value of %TE contribution from protein as 
observed in NZ. In contrast, the %TE from protein in Australia (38) and Spain (46) were 
approximately 2% higher than NZ while Netherlands (47) was 3% lower. Based on the U.S.A 
and Canada Dietary Reference Intake, it is believed that a 10%TE from protein is sufficient for 
body tissue maintenance and replacement, as well as supporting necessary bodily functions 
(2.33). Therefore, all protein intakes from countries listed in Table 7 were considered to be 
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sufficient as they are all well above the lower AMDR for protein (10%TE). 
All studies reported protein consumptions in g/d or %TE. Table 8 presents the prevalence 
of inadequate protein intake with comparison against different NRVs among countries. 
Studies from Spain (46), Netherlands (47), and Australia (38) showed adequate intake 
while U.S.A (57) had a small fraction of male adolescents with intake lower than the EAR. 
This may be due to the differences in methods used to determine the prevalence of 
inadequate intake. For example, Spain (46), Netherlands (47), and Australia (38) compared 
mean protein intakes in g/d to their respective EARs which does not take into account body 
weight, whereas U.S.A compared intakes in g/kg/d. In addition, U.S.A adjusted overweight, 
obese and underweight participants to ideal bodyweight and calculated daily intakes based 
on the attuned weight (g/kg/d) before comparing them to an EAR of 0.73g/kg/d (41). There 
is a possibility that if body weight was not adjusted, the prevalence of inadequate protein 
intake among male adolescents in U.S.A may be higher than reported. The authors did not 
explain the reason behind adjusting body weight but it may be to account for lean body 
mass as it determines protein requirement (84).  Hence, it is difficult to directly compare the 
prevalence of inadequate intakes among different countries due to the variances in 
methods. 
Overall, male adolescents from all countries listed in Table 7 were comfortably over the 
lower end of the IOM AMDR (10%TE), and the prevalence of inadequate intake was low. 
These findings suggest that protein may not be at risk of deficiency among male population 
in these developed Western countries.
16  
Table 7 Protein intake among male adolescents in developed countries 
 
National Health and Nutrition 
Examination Survey (NHANES) 
2001/02 14-18 2x 24-HDRs 94.5 13.9 (41) 
National Health and Nutrition 
Examination Survey (NHANES) 
2013/14 14-18 2x 24-HDRs 100.8 16.0 (41) 
National Health and Nutrition 
Examination Survey (NHANES) 
2015/16 12-19 2x 24-HDRs 84.5 15.0 (55)(62) 
(42) 
Country Survey Name Survey 
Year 





               (g/d)   
 
New Zealand 
       
 
The National Nutrition Survey 
(NNS97) 
1997 15-18 2x 24-HDRs 110.0 15.0 (9)(61) 
 
Adult Nutrition Survey 
(ANS0809) 
2008/09 15-18 2x 24-HDRs 108.0 16.0 (10) 
 
Australia 
       
 
National Children ‘s 
Nutrition and Physical Activity 
Survey (NCNAPAS) 
2007 14-16 24-HDR 121.1 17.6 (36) 
 
National Nutrition and Physical 
Activity Survey (NNPAS) 
1995 14-18 24-HDR - 15.1 (37) 
 
National Nutrition and Physical 
Activity Survey (NNPAS) 
2011/12 14-18 24-HDR - 17.4 (38) 
 
Canada 
       
 
Canadian Community Health 
Survey 
2004 14-18 2x 24-HDR - 15.2 (54)(39) 
 
Canadian Community Health 
Survey 
2015 14-18 2x 24-HDRs - 16.6 (54) (40) 




      




11-18 4-days food diary 73.3 14.9 (53) (56) 




11-18 4-days food diary 72.5 15.7 (53) (56) 
 
Denmark 
      
Danish National Survey on 
Diet and Physical Activity 
(DANSDA) 
2011-13 14-17 7-days food diary 96.0 16.0 (49) 
 
   Belgium 
      
Belgium National Food 
Consumption Survey (BNFCS) 
2004 15-18 2x 24-HDRs 
+ FFQ 
- 13.8 (43,63) 
Belgium National Food 
Consumption Survey (BNFCS) 
2014 14-17 2x 24-HDRs 
+ FFQ 
83.0 14.8 (44,63) 
 
France 
      
Individual and national study on 
food consumption (INCA 2) 
2006/07 15-17 7-days food diary 86.9 16.3 (50) 
Individual and national study on 
food consumption (INCA 3) 
2014/15 11-17 3x 24-HDRs 83.1 15.9 (48) 
 
Spain 
      
Nutrient adequacy in Spanish 
children and adolescents* 
1998-00 14-17 2x 24-HDRs 
+ FFQ 
108.2 17.0 (45) 
Anthropometry, Intake, and 
Energy Balance in Spain 
(ANIBES) 
2013 13-17 3-days food diary - 16.4 (51) 
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National Dietary Survey on the 
Child and Adolescent Population 
(ENALIA) 
2013-14 14-17 2x 24-HDRs 104.6 17.8 (46) 
   Ireland       
 
 
National Teen’s Food  Survey 
(NTFS) 
2005/06 15-17 7-days food 
diary 
88.2 15.2 (52) 
 
Netherlands 
      
Dutch National Food 
Consumption Survey (DNFCS) 
2007-10 14-18 2x 24-HDRs 86.0 13.4 (47) 
Abbreviations: y= years, g/d = grams per day, %TE= Percentage of total energy intake, 24-HDR= 24- 
Hour Dietary Recall, FFQ= Food Frequency Questionnaire 
* This research paper is not a national survey. It is part of the Food patterns of Spanish schoolchildren and adolescents: The enKid Study, which is a 
population-based, cross-sectional survey conducted in Spain between 1998 and 2000 
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Table 8 Prevalence of inadequate protein intake reported from studies 
 
Survey Name Survey Year Age group (y) NRV used Below 
EAR % (SE) 
Below 

















NHANES (57)(41) 2011-2014 14-18 Males        EAR: 0.73g/kg/d2 5.32 (1.2) 0.65 (0.52) - 
 
2013-2016 14-18 Males     EAR: 0.73g/kg/d2 7.0 (1.7) <3 - 
ENALIA (46) 2013-2014 14-17 Males        EAR: 52g/d2 0.0 0.0 0.0 
DANSDA (49) 2011-13 All population*        Nordic Council 
AMDR: 10-20% TE 
- 0.0 - 
DNFCS (47) 2007-10 14-18 Males        EAR: 43g/d3 0.0 - - 
Abbreviations: y=years, NRV= Nutrient Reference Value, g/d= grams per day, g/kg/d= grams per kilogram body weight per day, %TE= 
percentage of total energy, EAR= Estimated Average Requirement, AMDR= Acceptable Macronutrient Distribution Range, RDA= 
Recommended Dietary Allowance, SE= Standard Error, <= less than, NNPAS= National Nutrition and Physical Activity Survey, NHANES= 
National Health and Nutrition Examination Survey, ENALIA= National Dietary Survey on the Child and Adolescent Population, DANSDA= 
Danish National Survey on Diet and Physical Activity, DNFCS= Dutch National Food Consumption Survey 
*All population including male adolescents 
1 NRV based on National Health and Medical Research Council 
2 NRV based on Institute of Medicine 
3 NRV based on Health Council of the Netherlands
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2.5 Sources of dietary protein among male adolescents 
 
Although there were little differences in protein consumption between 1997 and 2008/09 
among male adolescents in New Zealand, the contributing sources were substantially 
different. Protein food and categories are described in Table 9, while the consumption of 
major protein sources among adolescents are shown in Table 10. In 1997, it was reported 
that the main protein sources among male adolescents in descending order were from beef 
and veal (14%), milk (10%), bread (9%), poultry (9%), and bread-based dishes (9%) (9). 
In 2008, the main protein sources shifted to bread-based dishes (14.1%), poultry (10.5%), 
bread (9.9%), grains and pasta (7.3%), and milk (7.2%) (10). Beef and veal (7.2%) dropped 
by half while the consumption of poultry, bread and grains and pasta increased slightly 
throughout the decade. There were minimal changes in fish and seafood consumption over 
time. There are currently no studies in NZ that have exclusively examined changes in 
dietary protein sources among adolescents over time. However, it is deduced that some of 
the preference in protein sources may be attributed by market prices fluctuations. For 
example, the price of beef and veal increased 254% from 1981-2010 (58) which was in line 
with the decrease in consumption from 1997-2008/09. On the other hand, poultry prices 
decreased by 124% from 1981 to 2010 as the production of poultry meat has become more 
efficient (58). Likewise, bread, flour, and sugar prices decreased from 1989-2009 (59). 
These data overlap with the increase in poultry meat, bread and grains and pasta 






Other developed countries 
 
Similar to NZ, male adolescents from most developed countries, listed in Table 10, acquire 
protein from both animal and plant sources, specifically meat, poultry, bread, cereal and 
cereals products (38,43,44,47–52,56). Fish and seafood are generally less consumed 
(38,43,44,47,49,51,56,60).  
 
Table 9 Protein foods categorisation in New Zealand- National Nutrition Survey 1997 
and Adult Nutrition Survey 2008/09 (9,10) 
 
Food groups Example of food items 
Bread All types of bread (rolls, pita, foccacia, garlic), bagels, crumpets, sweet buns 
Poultry All chicken, duck, turkey and muttonbird muscle meats and processed meat, 
stews and stir-fries 
Milk All milk (cow, soy, rice, goat and flavoured milk), milkshakes, milk powder 
Beef & veal All muscle meats (steak, mince, corned beef, roast, schnitzel, etc), stews, stir- 
fries 
Grains & pasta Rice (boiled, fried, risotto, sushi, salad), flour, pasta/noodles, bran, cereal-based 
products and dishes (pasta and sauce, lasagna, pasta salad, noodle soup, chow 
mein) 
Bread based dishes Sandwiches, filled rolls, hamburgers, hotdogs, pizza, nachos, doner kebabs, 
wontons, spring rolls, stuffings 
Fish & seafood All fish (fresh, frozen, smoked, canned, battered, fingers, etc), shellfish, squid, 
crab, fish/seafood dishes (pies, casseroles and fritters), fish/seafood products 
Sausages & processed 
meats 















   Sample 
    Age (y) 




15-18 Male Dietary sources of protein from food groups, (%) 




Bread based dishes, 9.0 
Sausages and processed meat, 5.0  




15-18 Male Percentage protein from food groups, (%) 
Bread based dishes, 14.1  
Poultry, 10.5 
Bread, 9.9 
Grains and pasta, 7.3              
Beef and veal, 7.2               
Milk, 7.2 
Fish and seafood, 3.5 
Sausages and processed meat, 3.3 
NNPAS 
2011/12 (38) 
14-18 Both* Proportion of protein from food groups, (%) Meat, 
poultry and game products and dishes, 31.3               
Cereal-based products dishes, 26.1 
Cereal and cereal product, 13.7                    
Milk product and dishes, 12.8          
Vegetable products and dishes, 3.9 
Fish and seafood products and dishes, 2.5 
NHANES 
2015/16 (60) 




Cured meat, 1.0                 







11-18 Both* Percentage contribution of food groups to average 
daily intake, (%) 
Meat and meat products, 38.0             
Cereals and cereal products, 27.0          
Milk and milk products, 14.0       
Vegetables and potatoes, 8.0                
Fish and fish dishes, 4.0 





11-18 Both* Percentage contribution of food groups to 
average daily intake, (%)                 
Meat and meat products, 37.0        
Cereal and cereal products, 2.0            
Milk and milk products, 13.0       
Vegetables and potatoes, 7.0                
Fish and fish dishes, 5.0 
Egg and egg dishes, 3.0 
DANDSA 
2011-13 (49) 
14-17 Male The mean intake of protein food groups, (g/d) 
Meat and meat product, 166.0          
Poultry and poultry product, 32.0        
Eggs, 20.0 
Fish and fish products,16.0 
INCA 2 
2006/07 (64) 




Bread and dry bread products, 7.0       
Mixed dishes, 7.0 




11-17 Both* Average contributions of food groups to protein intake, (%) 
Meat, 13.0 
Poultry, 10.7        
Sandwich, pizzas, pies, pastries and crackers, 9.7           
Bread and dry bread products, 7.4  




13-17 Both* Dietary sources of energy from food groups/subgroups, 
(%) 
Meat and meat products, 16.2              
Milk and dairy products, 12.8             
Eggs, 2.2 




15 and above Both* Energy contribution from protein sources, (%) 
Meat and meat products, 36.5              
Cereals and cereal products, 19.0            
Dairy products, 17.9 
Fish and shellfish, 6.0 
BNFCS 
2014 (44) 
3-64 Both* Average contribution of total protein intake, (%) 
Meat and meat substitutes, 34.6           
Grains and cereal products, 23.9           
Dairy products, 17.0 
Cake and sweet biscuit, 4.8              




15-17 Male Contribution of food groups to mean daily protein intake, (%) 
Meat & meat products, 40.4 Milk & yoghurt, 13.6 
Bread & rolls, 11.2 
Grains, rice, pasta and savouries, 7.1 
Potatoes & potato products, 4.4  




14-18 Male Average contribution of food groups to the intake of 
protein, (%) 
Meat and meat product, 30.2  
Cereal and cereal products, 24.6 
Dairy products, 22.4 
Fish and shellfish, 1.8 
Abbreviations: y=years, %= percentage, g/d= grams per day, NZNNS= New Zealand National Nutrition 
Survey, NZANS= New Zealand Adult Nutrition Survey, NNPAS=National Nutrition and Physical Activity 
Survey, NHANES= National Health and Nutrition Examination Survey, NDNS= National Diet and Nutrition 
Survey, DANDSA= Danish National Survey on Diet and Physical Activity, INCA= Individual and national study 
on food consumption, ANIBES= Anthropometry, Intake, and Energy Balance in Spain, BNFCS= Belgium 
National Food Consumption Survey, NTFS= National Teen’s Food Survey, DNFCS=Dutch National Food 
Consumption Survey 




Information from previous national surveys suggest that intakes of protein are adequate 
among NZ adolescent males (9,10). The main food categories that supplied protein in their 
diet are transitioning from meat to more bread-based dishes. However, this information on 
intakes and sources of protein among male adolescents in New Zealand is over 10 years 
old. It is possible that there have been changes over recent years due to factors such as 
affordability and accessibility to protein, increased awareness on animal welfare, and 
environmental sustainability which may influence food choice. Thus, this study aims to 







  3. Objective Statement 
 
The Survey of Nutrition, Dietary Assessment and Lifestyle (SuNDiAL) project aims to 
examine the nutritional status, dietary habits, health status, attitudes and motivations for 
food choice, activity patterns and screen time of New Zealand adolescents. 
This thesis investigates protein intake and its key contributing sources among male 
adolescents in New Zealand. 
The specific objectives of this study are: 
 
1. Determine protein intake among New Zealand male adolescents. 
 
2. Identify the main food sources of protein among New Zealand male adolescents. 
 










Figure 2 SuNDiAL study enrolment and components 
 
SuNDiAL 2020 is a cross-sectional study conducted in Dunedin, Auckland, Christchurch, 
Wellington, Tauranga, Hawkes Bay to explore the nutritional status, dietary habits, health 
status, attitudes and motivations for food choice, activity patterns and screen time among 
adolescent males aged between 15-18 years. Participants completed demographic and 
health questionnaire followed by additional questionnaires on dietary habits, weight loss or 
gain intentions and methods, food choice motivations and attitudes. Further data collected 
Two 24-hour dietary 
recalls 
 
















Optional Urine sample 
Accelerometer 
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included two 24-hour dietary recalls (24-HDRs), two 24-hour activity pattern recalls (24- 
HAPs), anthropometric measurements and blood pressure. Urine and blood samples, and 
accelerometer with wear time diary data were optional. Each component of the study was 
carried out in two different phases. Data collection phase 1 consisted of the initial 24-HDR 
and 24-HAP, anthropometric measurements, blood pressure and accelerometers 
distributed. Data collection phase 2 consisted of the second 24-HDR and 24-HAP, 
obtaining blood or urine samples and collecting returned accelerometers (Figure 3). The 
study proposal was approved by the Human Research Ethics Committee at the University 
of Otago, Dunedin under the reference number H20/004 (Appendix 1). 
 
 





One hundred and forty high schools across New Zealand with a total roll of more than 400 
students were invited to participate through email from October 2019 by the SuNDiAL 
coordinator. Schools who are interested in taking part in the study were provided with 
consent forms. The SuNDiAL research team, consisting of the candidate and 17 other 
Master of Dietetics students, attempted to follow-up on unresponsive high schools through 
in- person visits. School recruitments were suspended in late March due to the Coronavirus-
19 (COVID-19) situation as the country went to a lockdown. 
Data collection Phase 1 
 
First 24-hour dietary recall 





Data collection Phase 2 
 
Second 24-hour dietary recall 
Second 24-hour activity pattern 
recall 






The SuNDiAL research team recruited 146 participants in February by advertising to 
schools through presentations and distributing print information (Appendix 2 & 3). 
Students interested in the study were asked to fill in their name, age, and email address in 
the sign-up sheet after the in-school presentation (Appendix 4). They were then followed 
up via email from the study coordinator to sign the online consent and complete a health 
and demographics questionnaire (Appendix 5 & 6). Email-based parental consent was 
required from students aged under 16 years. Alternatively, students who missed out the 
study information presentation could enroll through the study website 
(www.otago.ac.nz/sundial). A unique ID number was assigned to participants after 
completing the online consent form and demographics questionnaire. This ID is required 
for additional online questionnaires on dietary habits, weight loss or gain intentions and 
methods, food choice motivations and attitudes. 
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4.2 Data Collection 
 
During February and March (before the COVID-19 lockdown), the SuNDiAL research team 
liaised with schools to schedule dates, times and venues for phase 1 data collection 
through face-to-face interviews (Figure 3). Text reminders were sent prior to appointment 
date. The research team set up equipment and initiated phase 1 data collection at 
participating high schools. Phase 2 data collection occurred within the next two weeks after 
the initial visit. Participants who consented to second 24-HDR and 24-HAP during the first 
visit were booked in for a voice/video call with the research team. Phlebotomists were 
booked in for blood and urine sample collection according to the school’s schedule. 
Participants were sent reminder texts in advance to return accelerometers and wear time 
diaries, and reminders for appointments for 24-HDR, 24-HAP, as well as blood and urine 
samples. The SuNDiAL research team and the phlebotomist visited schools a second time 
to collect the accelerometers, blood and urine samples. 
Towards the end of March, the research team focused on obtaining only anthropometric 
measures from participants to ensure sufficient data before COVID-19 lockdown. 
Accelerometers and blood and urine samples were omitted in some participants due to 
time constraint. All 24-HDRs and 24-HAPs in both phase 1 and 2 were postponed and 
shifted online from the beginning of April (lockdown period). These were conducted through 
phone calls or video calls. 
Data from the demographics questionnaire, dietary habits questionnaire, anthropometric 




4.31 Demographics and health questionnaire 
 
Upon completing the online consent, participants were required to complete an online 
health and demographics questionnaire administered in Research Electronic Data Capture 
(REDCap) (Vanderbilt University). This included age, enrolled high school, home address, 
ethnicity, and their existing health conditions (if applicable) such as high blood pressure 
and diabetes (Appendix 6). Age was derived from the date of birth in conjunction with 
consent form submission date. Socioeconomic status was measured based on the New 
Zealand Deprivation Index 2018 (NZDep) according to their home address. A score 
between 1 and 10 are assigned to each meshblocks (small areas) with 1 indicating the 
least deprived areas and 10 being the most deprived areas (65). This was categorized into 
low deprivation (score 1-3), moderate deprivation (score 4-7) and high deprivation (score 
8-10). Self-identified ethnicity was assessed using the 2006 New Zealand census ethnicity 
questions and were categorised into four ethnic groups based on the Ministry of Health’s 
priority classification system (66). The prioritisation order was Māori, followed by Pacific, 
Asian and New Zealand European and others (66). 
4.32 Dietary habits questionnaire 
 
After completing enrolment and demographics and health questionnaire, participants were 
sent a link to complete the dietary habits questionnaire on REDCap in their own time. The 
questionnaire consisted of questions on food consumption frequency, dietary habits and 
supplement use. Only information on sport supplements was used in this thesis. This 
included the type of sports supplement consumed (brand name/product name and 
frequency) used within the last 12 months (Appendix 7). 
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4.33 Anthropometric measurements 
 
Height and weight were collected in duplicate and a third measurement was taken if there 
was a 0.5 difference between the two initial measurements. An average was then 
calculated from all measurements. These were implemented according to the standard 
operating procedures from SuNDiAL protocol (Appendix 8). Participants were required to 
remove shoes and heavy clothing before any measurements were carried out. Standing 
height was measured to the nearest 0.1 centimeter using a portable stadiometer 
(Wedderburn) with the participant’s head in Frankfort horizon plane, shoulder blades 
touching the stadiometer, heels together, and toes apart pointing outwards at a 60 degree 
angle. Weight was recorded using the Seca Alpha 770 electronic scale and recorded to the 
nearest 0.1 kilogram. All measurements were recorded on the anthropometric recording 
sheet (Appendix 9) and logged into REDCap according to participant ID. Body Mass Index 
(BMI) was calculated as weight (kilograms, kg) divided by height (meter square, m2). The 
BMI-for-age z-score was calculated with World Health Organisation (WHO) growth 
reference data and was used to interpret weight status (67). A BMI z-score of <-2 SD is 
classified as underweight, between ≥-2 SD to ≤+1 SD as normal, >+1 SD to ≤+2 as 
overweight and >+2 SD as obese (67). 
4.34 Dietary assessment 
 
Dietary intake data were obtained using two 24-HDRs performed on two non-consecutive 
days within one week. The first recall involved a physical interview at one of the school 
visits, or via phone/video call during COVID-19 lockdown. The second recall was 
conducted via phone/video call on a different day, one week apart from the first recall. Each 
recall took approximately 30 minutes. These were carried out according to SuNDiAL 
protocol and recorded in the 24-HDR sheet (Appendix 10 & 11). The protocol involved 4 
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passes and firstly required the candidate to make a quick list of the food and drinks they 
consumed the previous day. This was followed by a detailed description of each food and 
beverages where participants reported the brand, amount, time and leftovers. Supermarket 
webpages such as Countdown and New World were used to aid participant on reporting 
brands. Household measures and a photo booklet were used to help participants 
conceptualise, estimate and quantify amount (Appendix 12). Lastly, the interviewer went 
through the generated list together with each participant. A detailed description of the four- 
pass method is explained in Section 2.32, Table 4. This was used to minimise false entries 
and trigger possible recollection. Dietary data was entered into FoodWorks. Energy and 
protein intakes were adjusted for intra-individual variability using the multiple source 
method (68). 
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4.4 Data analysis 
 
4.41 Nutrient data analysis 
 
FoodWorks 9 (Xyris Software, Australia Pty Ltd) is a nutrient analysis software that uses 
the New Zealand Food Composition Database (FOODfiles 2016- Version 01) and recipes 
from New Zealand Adult Nutrition Survey 2008/09 (NZANS 0809). Data obtained from 24-
HDRs were matched to FoodWorks and the nutritional profile was calculated. A SuNDiAL 
code book (foods and food substitution with guidelines on estimating unreported food 
weight/portion) was used default throughout data entry. 
Steps used to match food/drink present in Foodworks are outlined as below: 
 
1. Key in the food/drink, followed by the description/cooking method (eg. Chocolate 
cake -> Cake, Chocolate; Anchor Blue milk -> Milk, Standard, Anchor) 
2. Match the food/drink to a nutrient line in a food composition database (NZFC 2018, 
NZANS0809) 
3. Make sure the selected food/drink from FoodWorks has similar energy, protein, total 
fat, carbohydrate and other available nutrients from the package label, or 
Countdown website. The nutrient differences should be less than 10%. 
4. Put in the correct portion reported. 
 
Steps used to match food/drink absent in FoodWorks are outlined as below: 
 
1. Refer to codebook for default food and substitutions. 
 




If there are no appropriate alternative, a recipe similar to reported food/drink was 
created by based on the ingredient list from the package label or the Countdown 
website. 
4.42 Statistical analysis 
 
A sample size of 100 boys from high schools was needed to achieve a precision level of 
plus or minus 0.2 standard deviation (SD) for estimating average nutrient intake at a 95% 
precision interval. The recruitment target was set at 150 participants to account for drop-
outs, incomplete data and a small design effect from school clusters. At least ten boys from 
each school is required to participate in order to achieve a design effect of less than 1.5 
from school  clusters.  
Statistical analyses were performed by Dr Jill Haszard, biostatistician. Participants aged 
15-17 years who completed at least one 24-HDR were included in the analysis. Stata 
Statistical Analysis Software (version 16.0; StataCorp) was used to analyse the dietary 
protein intake.  The software was used to calculate protein contribution from each 33 food 
groups (used in NZANS 08/09) obtained from each participants. The second 24-HDRs were 
used to adjust for intra-individual variability in protein intake using the multiple source method 
(68). This was applied to the whole dataset to estimate the mean dietary protein intake for each 
participants. 
Descriptive analysis was carried out by the candidate used Microsoft Excel (Microsoft 
Office 2013) to calculate mean, SD, percentages and 95% confidence intervals (CI) of 
analysed data, as well as generating graphs and figures. Demographic characteristics 
including age, ethnicity, BMI z-score and NZDep were presented as relative percentage of 
the total study population. Mean protein intakes and demographic groupings were reported 
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in grams per day (g/d), grams per kilogram bodyweight per day (g/kg/d), 95% CI ranges 
and % TE. The 95% CI were used to assess differences between sub- groups. When 95% 
CI for the two group percentages or means do not overlap, it is inferred that they differ 
significantly at the 5% level. The average grams per kilogram bodyweight per day were 
calculated using individual mean intake (g/d) divided by their respective body weights (kg). 
% TE from protein was calculated from mean protein intake (g/d) multiply by 17 kilojoule 
(kJ) (69) divided by mean total energy intake. The EAR of 49 g/day and 0.76 g/kg/d from 
NHMRC was used to determine the percentage of participants with inadequate protein 
intake while the AMDR of 15-25% TE was used to access intake range. Major food groups 















5.1 School recruitment and participants 
 
Out of 140 schools that were invited via email by the SuNDiAL coordinator, 10 schools 
declined to take part, while 122 did not respond. Eight schools consented to participate but 
two were unable to due to COVID-19 limitations. Six schools partook in the SuNDiAL 2020 
study with 1664 eligible participants. A total of 146 students consented to the study, of 
whom eleven were excluded as they failed to complete any questionnaires nor a 24-hour 
dietary recall (24-HDR) giving a final sample size of 135 participants. Among the final 
sample, 128 (94.8%) completed health and demographic questionnaire, 122 (90.3%) 
completed dietary habits questionnaire, 109 (80.1%) had anthropometric data, 102 (75.0%) 
completed the first 24-HDR, and 72 (52.9%) provided the second 24-HDR. Figure 4 gives 




Figure 4 Flow of High school recruitment and student participation
 
 
n= 11 did not complete any 
questionnaire or 
 24 hour dietary recall 
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5.2 Participant demographics 
 
Table 11 describes participant demographics from 135 male participants aged 15-17 years 
who met the criterion as described in Section 4.42. The mean (SD) age was 16.6 (0.7) 
years. Participants predominantly self-identified as New Zealand European or other 
descent (NZEO) (n=73, 56.6%), followed by Asian (n=41, 31.8%), Māori (n=12, 9.3%) and 
Pacific (n=3, 2.3%). A greater proportion of participants (n=73, 67.0%) had a healthy BMI 
z-score with the remainder being overweight (n=29, 26.6%), obese (n=6, 5.5%), with one 
being underweight. Most participants lived in areas of moderate deprivation (n=54, 41.9%), 
with around one-third and one-quarter from areas of low and high deprivation, (n=46, 
35.7%; n=29, 22.5%) respectively. 
Table 11 Demographic characteristic of participants 
 
Characteristics Participants (n) Proportion (%) 
Total population 135  
Age (y) 
  
15-16 91 67.4 






NZEO2 73 56.6 
Māori 12 9.3 
Asian3 41 31.8 
Pacific4 3 2.3 




BMI categories5 109  
Underweight 1 0.9 
Healthy 73 67.0 
Overweight 29 26.6 
Obese 6 5.5 






1-3 (low) 46 35.7 
4-7 (moderate) 54 41.9 
8-10 (high) 29 22.5 
Missing 6 - 
Abbreviations: n=number, y=years, NZEO= New Zealand and Others, BMI= Body Mass Index, NZDep= 
New Zealand Deprivation Index 
1,5,6 Proportion calculated does not include missing data 
2 NZEO ethnicity comprises: New Zealand European, Other European, MELAA (Middle Eastern, Latin 
American, African) 
3 Asian ethnicity comprises: Southeast Asian, Chinese, Indian, Other Asian 
4 Pacific People comprises: Samoan, Cook Islands, Māori, Tongan, Niuean, Tokelauan, Fijian, Other 
Pacific people 
5 World Health Organisation BMI z-scores was used to define weight status. A BMI z-score of <-2 SD 
defines underweight between ≥-2 SD to ≤+1 SD as normal; >+1 SD to ≤2 as overweight, and >+2 SD as 
obese 
6 NZDep measures the level of deprivation for people in each meshblocks with an ordinal scale of 1-10 
where 1 represents the least deprived and 10 the most deprived 
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5.3 Dietary protein intake 
 
Table 12 shows the mean protein intake expressed in grams per day (g/d) and grams per 
kilogram per day (g/kg/d); and the proportion of participants with inadequate intake, by 
demographic group. The mean energy intake among participants was 10,077 kJ/d. The 
mean protein intake was 110 g/d, whereas the mean protein intake per kilogram body 
weight was 1.63 g/kg/d. The maximum protein intake was 238 g/d while the minimum intake 
was 60 g/d. When expressed relative to body weight, protein intakes ranged from 0.77 
g/kg/d to 3.12 g/kg/d. All participants met the recommended EAR (0.76 g/kg/d; 49g/d), 
indicating all had adequate protein intakes. The differences in protein intakes (g/d) between 
demographic characteristics were small and not clinically meaningful or statistically 
significant. However, when expressed in g/kg/d, there was evidence that healthy weight 
participants, with mean protein intake of 1.73 g/kg/d (95%CI 1.63, 1.84), had significantly 
higher intakes compared to obese participants (1.11 g/kg/d (95%CI 0.88, 1.34)). These 
results should be interpreted with caution due to the small number of obese individuals 
(n=5). 
Protein contributed an average of 18.6% to total energy (TE). Most participants (85.3%) 
had protein intakes that were within the recommended AMDR. One tenth of participants 
(13.7%) did not meet the lower end of AMDR while 1% exceeded the upper AMDR. 
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Abbreviation: n= number, y=years, g/d= grams per day, g/kg/d= grams per kilogram body weight per 
day, CI= confidence interval, NZEO= New Zealand Europeans and Others BMI= Body Mass Index, 
NZDep= New Zealand Deprivation Index 













102 110 (104-115) 1.63 (1.54-1.72) 0.0 
15-16 68 105 (98-111) 1.63 (1.51-1.75) 0.0 











NZEO4 57 111 (104-117) 1.59 (1.48-1.70) 0.0 
Māori 7 107 (86-128) 1.53 (1.15-1.90) 0.0 
Asian5 29 101 (94-108) 1.64 (1.49-1.79) 0.0 











Underweight 1 95 1.76 0.0 
Healthy 57 108 (102-113) 1.73 (1.63-1.84) 0.0 
Overweight 25 120 (105-134) 1.50 (1.30-1.70) 0.0 











1-3 (low) 31 103 (96-110) 1.60 (1.48-1.71) 0.0 
4-7 (moderate) 41 110 (103-118) 1.63 (1.50-1.76) 0.0 
8-10 (high) 24 113 (98-128) 1.57 (1.30-1.83) 0.0 
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1 Grams per kilogram body weight (g/kg/d) is an average value of individual g/kg/d from all participants. 
Individual g/kg/d was calculated based on the participants’ protein intake in grams per day (g/d) data 
over their respective weights (kg). 
2 For each characteristic, here is the number of participants with available data to calculate g/kg/d 
Age: 15-16y = 58, 17y = 30 
Ethnicity: NZEO= 47, Māori =7, Asian= 27, Pacific= 3 
NZDep: 1-3= 26, 4-7= 37, 8-10= 21 
BMI categories: Underweight=1, Overweight= 25, Obese= 5, Healthy= 57 
3 The prevalence of inadequate intake was determined by comparing all participant g/d and g/kg/d to 
the recommended estimated average requirement (49g/d and 0.76g/kg/d). 
4 NZEO ethnicity comprises: New Zealand European, Other European, MELAA (Middle Eastern, Latin 
American, African) 
5 Asian ethnicity comprises: Southeast Asian, Chinese, Indian, Other Asian 
6 Pacific People comprises: Samoan, Cook Islands, Māori, Tongan, Niuean, Tokelauan, Fijian, Other 
Pacific people 
7 World Health Organisation BMI z-scores was used to define weight status. A BMI z-score of <-2 SD 
defines underweight; between ≥-2 SD to ≤+1 SD as normal; >+1 SD to ≤2 as overweight, and >+2 SD 
as obese 
8 NZDep measures the level of deprivation for people in each meshblocks with an ordinal scale of 10 




5.4 Major dietary protein sources 
 
 Table 13 presents food groups that contributed more than 2% to total protein intakes 
among male adolescents. The major ten food groups were poultry (16.4%) followed by 
grains and pasta (11.3%), milk (8.3%), bread (8.2%), bread based dishes (7.4%), beef and 
veal (5.6%), pork (4.2%), sausages and processed meat (4.1%), breakfast cereals (3.8%), 
and cheese (3.5%). These sources contributed to 72% of total protein intake while the 
remaining 23 food groups contributed 28% with an average of 1% each. 
Table 13 Top 10 dietary protein sources of participants 
 
Poultry All chicken, duck, turkey and muttonbird muscle 





Rice (boiled, fried, risotto, sushi, salad), flour, 
pasta/noodles. Bran, cereal-based products and dishese 





Milk All milk (cow, soy, rice, goat and flavoured milk), 
milkshakes, milk powder 
 
8.3 
Contribution to total 
protein intake (%) 
Example of food items SuNDiAL food groups* 
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Bread All types of bread (rolls, pita, foccacia, garlic), bagels, 





Sandwiches, filled rolls, hamburgers, hotdogs, pizza, 
Nachos, doner kebabs, wontons, spring rolls, stuffings 
7.4 
Beef and veal All muscle meats (steak, mince, corned beef, roast, 
schnitzel, etc), stews, stir-fries 
 
5.6 
Pork All muscle meats (roast, chop, steak, schnitzel, etc), 
bacon, ham, stews, stir-fries 
 
4.2 
Sausages and processed 
meats 
Sausages, luncheon, frankfurters, saveloys/cheerios, 
salami, meatloaf and patties 
 
4.1 




Cheese Cheddar, edam, specialty (blue, brie, feta, etc), ricotta, 
cream cheese, cottage cheese, processed cheese 
3.5 
Abbreviations: SuNDiAL= Survey of Nutrition, Dietary Assessment and Lifestyle 






              5.41     Sports supplement consumption 
 
Based on the dietary habits questionnaire, twenty-seven participants (22.1%) 
reported consuming sports supplements, with the majority (n=21) being whey 
protein and six unidentified. Most participants consumed sports supplements daily 
(33.3%) or more than once a week (38.1%) (Table 15). Only seven participants 
reported consuming whey protein with given dosage in their 24-hour dietary recalls 






Table 15 Frequency of sports supplement consumption (n=27) 
 







More than once a week 8 38.1 
Once per week 1 4.8 
Monthly 1 4.8 
Regularly but for a limited time 3 14.3 





This study showed that New Zealand (NZ) male adolescents aged 15-17 years have a mean 
protein intake of 110 g/d (1.63 g/kg/d). There appeared to be no evidence of associations 
between protein intakes (g/d) by demographic characteristics. However, when expressed as 
g/kg/d, participants with a healthy weight had significantly higher intakes compared to obese 
participants, 1.73 g/kg/d (95%CI 1.63, 1.84) vs. 1.11 g/kg/d (95%CI 0.88, 1.34) respectively. 
It is important to note that there were only 6 obese participants and hence this should be 
interpreted with caution. All participants had adequate protein intakes that met the 
recommended EAR (49 g/d; 0.76g/kg/d) (33). On average, protein contributed 18.6% of total 
energy (TE) intake, sitting comfortably within the AMDR range of 15-25% TE. A total of 13.7% 
of participants had intakes below the AMDR while 1.0% were above the AMDR. Participants 
acquire protein from both animal and plant sources. The primary food groups contributing to 
protein intake were poultry (16.4%), followed by grains and pasta (11.3%), milk (8.3%), bread 
(8.2%) and bread-based dishes (7.4%). One quarter of participants reported consuming 
sports supplement with 77.7% identified as protein-based supplement. 
6.1 Protein intake and adequacy among male adolescents 
 
The mean protein intake in this study of 110 g/d is similar to the New Zealand Adult Nutrition 
Survey (NZANS) 2008/09 (108 g/d) (10). Compared to literature from the U.S.A (84.5 g/d) 
(42), U.K (72.5 g/d) (56), Denmark (96 g/d) (49), Belgium (83 g/d) (44), France (83.1 g/d) 
(48), Ireland (88.2 g/d) (52), Netherlands (86g/d) (47) and Spain (104.6g/d) (45), protein 
intake in NZ appeared to be higher. Australia on the other hand, had higher intakes (121.1 
g/d) compared to the present study (36). When examining the adequacy of protein intake 
among participants in this study, all had intakes above the recommended EAR of 49 g/d. 
This was consistent with the previous NZANS 2008/09 (10). Similar findings were also 
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observed in other national surveys from Australia (36), Spain (46) and Netherlands (47) 
with their respective EARs. On the other hand, a small portion of male adolescents (7%) 
had intakes below the EAR were reported in U.S.A (57). In general, the vast majority of 
male adolescents from developed countries appear to have sufficient protein intake based 
on these findings. 
In terms of protein contribution to total energy (TE), 13.7% of participants did not meet the 
lower range of AMDR (15% TE). According to IOM, a 10% of TE from protein in diet is 
sufficient to support bodily functions (2). Given that the lower level of AMDR was set at the 
level of RDA which meets the needs of 97-98% healthy individuals (34), the chances of 
insufficient protein intake is low. On the other hand, the NHMRC recommendations was 
set at a higher percentage of 15% in order to meet the EARs for micronutrients such as 
zinc, iron, riboflavin, calcium, vitamin B12, when energy intakes are below 15,000 kg/day 
for the NZ population (33). This was based off the analysis conducted in the NZ National 
Nutrition Survey and linear modelling of diets (33). Hence, this indicates that although NZ 
male adolescents in this study have sufficient protein intake (no prevalence of inadequacy 
and AMDR above 10% TE from protein) they may be at risk of not meeting the EARs of 
micronutrients listed above as these are mainly supplied from animal protein sources. Due 
to the high risks of inadequate micronutrient intake among our study population, 
(inadequate intakes of calcium 54.2%, zinc 16.8%, riboflavin 13.1%, iron 5.0% and vitamin 
B12 1.1% reported in 2008/09) (10), these should be analysed separately to assess the 






6.2 Demographic associations with protein intake 
 
In the present study, deprivation status did not seem to affect protein intake which was in 
line with results from NZANS 2008/09. Interestingly, this finding contradicts a study from 
U.S.A that reported adolescents from lower socioeconomic status groups have lower 
protein intakes than high socioeconomic status groups (71). It is suggested that those with 
low socioeconomic status may be consuming less protein due to the lack of income, which 
is also correlated with education (70,71,72). This implies that most higher income families 
with higher education levels tend to be more health conscious and can afford a diverse diet 
consisting of both high-quality animal and plant protein (71,73). However, an opposing 
study found otherwise. They observed that American adolescents from high 
socioeconomic backgrounds were consuming less eggs and dairy products (less available 
protein sources in U.S.A) which was dissimilar to children and adult (74).  This may be due 
to the fact that peer influences and the increased freedom in making food choices during 
adolescence can outweigh socioeconomic status alone (74). It is unfortunate that the 
relationship between protein food selection and socioeconomic status was not inspected 
in this study. 
6.3 The main food sources contributing to protein intake 
 
There were no significant differences in protein intakes between ethnic groups. Similarly, in 
a nationally representative NZANS 2008/09, there were no associations between protein 
intake and ethnicity observed. However, it is important to note that Pacific (n=3) and Māori 
(7%) participants were underrepresented in this study. Our sample does not truly represent 
the population distribution and thus comparisons between different ethnic groups need to 
be interpreted with caution.  
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When investigating weight status, we found that obese participants have significantly lower 
protein intakes compared to healthy weight participants. Due to the relatively small sample 
size of obese participants (n=5) in this study, the association between protein intake and 
weight status should be interpreted with care. Unfortunately, the relationship between 
protein intake and weight status was not studied in the NZANS 2008/09, nor widely 
examined across other literature. More research using larger representative samples is 
necessary to examine the relationship between protein intake and demographic groups. 
Poultry (16.4%) was the largest contributor to protein intakes in this study which differs to 
the primary source (bread-based dishes, 14.1%) in NZANS 2008/09 (10). Similar to the 
NZANS 2008/09 the food groups, grains and pasta; and bread were in the top five sources. 
Milk consumption was slightly higher in this study compared to NZANS 2008/09 (8.3% vs. 
7.2%) (10). Beef and veal contribution to protein intake appears to have continued to 
decrease during the past two decades. This could be due market price fluctuations as beef 
price continue to rise throughout the years (254% increased from 1981-2010; 134% 
increased from 2010-2019) while poultry price contrariwise, was dropping from 1981-2010 
(124% decreased) and 2014-2019 (119% decreased) (58,75). Similar dietary patterns 
were also observed in a study from U.S.A where beef intake decreased and poultry intake 
increased from 1999 to 2010 among adolescents (74). Overall, it appears that animal and 
plant sources equally contribute to dietary protein. Processed meat and sausages made 
minimal contributions to protein intake which aligns with the Ministry of Health dietary 
guidelines (76). This is a positive finding as frequent consumption of processed meat, 
containing high levels of salt and certain preservations techniques such as curing and 
smoking that may generate carcinogens, increases the risk of developing heart disease, 
colon cancer and diabetes (77). These findings are consistent with global studies where 
meat, dairy, bread and cereal, and cereal products are the main protein supply sources to 
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the body (38,43,44,47–52,56). 
6.4 Protein supplement usage 
 
Sports supplement consumption among NZ male adolescents increased approximately 
16.0% over the past decade (10). Three quarters (77.8%) of sports supplements reported 
in this study were identified as muscle building supplements and whey protein. The positive 
shift in muscle building supplement consumption was also seen in Australian and American 
male adolescents (78,79). These supplements have gained popularity over time and are 
commonly consumed as powder form in protein shakes or protein bars (78,80). The 
intention of using such supplements among adolescents were associated to sports 
participation and the desire for muscularity (78,79). Since these are easily accessible but 
not tightly regulated, it may contain other substances (e.g. creatine and testosterone) that 
have unknown effects on adolescent health (78). Ultimately, protein supplements are 
processed and often lack in nutrients that are essential for sustaining a healthy lifestyle 
(82). Not to mention an additional expense which is not necessarily required. Therefore, it 
is important to emphasise consuming natural animal and plant protein sources to 
adolescents. If protein is lacking in the diet due to higher bodily demands, protein 
supplementation can be considered. However, given the results of this study and others, 
where inadequate intakes were low or non-existent, this seems unlikely. Health 
professionals should be mindful of protein-based sports supplement usage among male 
adolescents and provide appropriate interventions according to their intentions or sports 
routine. This should be done while considering factors such as peer influences, eating 






6.5 Strengths and limitations 
 
There are several limitations and cautions noted to aid in the interpretation of our findings. 
Firstly, the coronavirus-19 (COVID-19) lockdown may have affected the usual dietary 
habits of some of our sample, due to the inaccessibility to food prepared and cooked 
outside of the home, and the changes in daily lives. Therefore, reported intakes may not 
be representative of what they usually consume. Secondly, data collection was also 
interrupted due to the COVID-19 lockdown. Protocols were altered to ensure sufficient data 
were obtained within the given period of time. As a result of COVID-19 restrictions, some 
anthropometric measurements (weight and height) were omitted and both 24-hour dietary 
recalls (24-HDRs) were conducted online via phone/video call. This may have cause 
inconsistencies while collecting dietary data as the standardised household measurements 
provided by SuNDiAL could not be used to estimate portions. However, electronic copies 
of the graduated portion-size photo booklets were sent to participants prior interviews for 
portion size guidance (Appendix 12). Furthermore, since it was conducted at home, 
participants were able to give more specific description on brand details and cooking 
methods of foods and drinks consumed as they can refer to the packaging or the person 
who prepared the meal. Thirdly, this study did not have a good representation of the 
population distribution in NZ. For instance, the largest minority group in this study was 
Asians followed by Māori and Pacific participants while according to the NZ 2018 census, 
the proportion of the Māori population is the second largest after NZ European followed by 
Asians and Pacific (81). Likewise, the sample size of underweight and obese participants 
was very small. Moreover, under- and over-reporters were not excluded in this study due 
to the difficulties in identifying them, which may have skewed the results. Lastly, the results 
of this study may not accurately reflect the true mean protein intakes among male 
adolescents given that sampling bias is present as we did not utilize a random sample (82). 
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Thus, the prevalence should not be inferred to the general NZ male adolescent population 
and should be interpreted with caution. 
A strength of this study is conducting two 24-HDRs to account for within-participant 
variability in intake. The 24-HDR included multiple passes through the list of food and 
drinks, starting with a quick list, followed by description, estimating portion size, and lastly 
reviewing the list (refer Section 2.32). This method provides respondents with cues to help 
them recollect and describe the foods they consumed which improves the completeness 
of the recall (83). Additionally, interviewers were vigorously trained before collecting data 
and were provided with detailed protocols. This helped to minimise measurement errors 
and improves accuracy of 24-HDR (32). Additionally, all dietary data entry was checked by 
Liz Fleming from the Department of Human Nutrition, University of Otago. The codebook 
that was designed by Liz Fleming to facilitate standardisation of coding in the SuNDiAL 
study was used to ensure entries and coding were accurate and consistent. Last of all, 
data collection conducted in both the North and South Island of NZ provided an overall 










6.6 Conclusion and implication of future research 
 
This current study provided insights into the protein intake and contributing food groups 
sources among 15-17 year old NZ male adolescents. Overall, it appears that this group 
has adequate protein intake with contributions from both animal and plant sources. A larger 
sample size with a good proportion of all ethnicities, socioeconomic status and BMI 
categories will help identify relationships with intake and allow for comparison between 
demographic groups. More work can also be done at analysing socioeconomic status and 
its relation to protein food choices. Future research could also explore the behaviour and 
attitude that motivates the consumption of protein-based supplements due to the increase 
in usage among male adolescents observed in this study. Finally, the findings of this study 
provide valuable up-to-date information on the protein intakes of NZ male adolescents 
which should help inform public health initiatives and directions for future research. 
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  7. Application to dietetic practice 
 
As future dietitians, it is important for us to understand the current nutritional status and 
dietary habits of the general population in order to pinpoint areas of concern. This is 
especially imperative for adolescents, where any lacking nutrient, particularly protein, will 
affect pubertal growth and have health consequences later in life. This research paper 
along with previous literature provides us with up-to-date evidence of protein intake and 
contributing sources among male adolescents in developed countries. Among developed 
Western countries, protein intake is adequate and the prevalence of inadequate protein 
intake among male adolescents are very small. This shows that current  recommendations 
from the National Health Medical Research Centre and Institute of Medicine are achievable 
for most male adolescents of different ethnicity and social class living in NZ. 
In terms of protein sources, this study along with other national surveys, found that both 
plant- and animal-food equally contributed to dietary protein. An increasing consumption 
of protein-based sports supplement among male adolescents was also observed in this 
research and in two other cross-sectional studies. Dietitians should be aware of the 
possible use of protein-based sports supplement in male adolescent clients. We should 
provide education on harmful substances that may be present in protein-based sports 
supplements and advise on proper usage of supplements considering intentions and sports 
training to our male adolescent clients. This would help raise awareness regarding the pros 
and cons for those who are consuming, or wish to consume such supplements. 
Furthermore, this study found that there is a significant difference in protein intake between 
healthy and obese male adolescents, though a larger study such as a national nutrition 
survey that comprises a greater sample size will be required to further examine the 
associations claimed in this study. Nevertheless, the results of this thesis will contribute to 
54  
the overall data pool and provide insights to the current dietary protein trend. 
I’ve enjoyed research for many reasons, realising that it is not just an integral part of my 
learning journey but also my personal growth. I have struggled with the inability to critically 
think and structure my thoughts during the writing process. However, by observing how 
researchers conceptualise their ideas in studies and discussions with supervisor/peers, 
has widened my mind and opened it to different opinions. I have learnt to not limit my 
thoughts, but to question things that will help to broaden my horizons. With this growth 
mindset, I was able to critically evaluate the literature and at the same time, fuel myself 
with the motivation to write. Research has honed my communication skills through 
interacting with people of different age and background. I have also developed more self- 
discipline, balancing work and life while keeping writing on track. Reflecting on this journey 
taught me that I am more capable than I think, and that I am committed to whatever task 
given. Research provided me with essential skills that are applicable in all aspects of 
dietetic practice. Most importantly, it has equipped me with the right mindset to strive and 
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